Mechanisms of transformation by MLL.
Rearrangements of the mixed-lineage leukemia gene MLL1 (MLL, HRX, ALL1), the human homologue of the Drosophila gene trithorax, are associated with aggressive acute leukemias in both children and adults. Transformation by rearranged forms of MLL1, including in-frame fusion proteins, partial tandem duplications, and amplification of MLL1 through upregulation of Hox gene and cofactor expression apparently results in a block in hematopoietic differentiation. MLL1 regulates Hox gene expression via direct promoter binding and histone H3 Lys 4 methylation mediated by the intrinsic methyltransferase activity of the SET domain. Mll1 knockout leads to loss of Hox gene expression, defects in hematopoiesis, and embryonic lethality. A close homologue, MLL2 is amplified in some solid tumors. MLL2 also has histone H3 Lys 4 methyltransferase activity that is dependent on menin, a protein mutated in multiple neoplasia type I (MEN1) and which is required for normal Hox expression. These findings underscore the importance of the MLL histone methyltransferases in development and disease.